A hyper-resolution method has been used to estimate the wideband indoor channel impulse response at 1.3GHz in a variety of environments within a building. The number of multipath components N and the Ricean k-factor have been investigated. The effect of the presence of people has also been monitored. The results show that if a 30dB impulse response dynamic range threshold is considered, a value of N less than 7 is applicable to all cases for > 90% of the time. It is also shown that the k-factor can be reliably estimated using only the three strongest components.
Introduction: Indoor wireless communications is rapidly expanding and has been boosted by the definition of the HIPERLAN standards in Europe and the de-regularisation of the ISM bands in the US. Present wireless indoor systems cannot meet the high data rate (1 55 Mbit/s) currently offered by wired networks due to multipath propagation and attenuation of transmitted signals [l] . To satisfy the demand for mobility and high data rates, some method of mitigating the effect of multipath must be implemented. One feasible solution is the use of smart antenna systems to select only the strongest component, given adequate time and angular resolution. To achieve this, knowledge of the number of multipath components (N) reaching the receiver is of fundamental importance. In addition, the value of N is important for the development of proper channel models.
Several investigations into the indoor impulse response have already been reported [2, 31. The fast Fourier transform based approach is widely used in data analysis but suffers from leakage which together with the assumption of periodicity, often gives a false impression of the existence of multipath components. Alternatively, high resolution parametric methods can be used. The results presented here have been computed using the singular value decomposition Prony algorithm [4, 51. In this case the impulse response is estimated by fitting the measured channel transfer functions to a discrete non-periodic complex multipath model where N is the number of paths (rays) and a, and z, are the complex amplitude and delay of the ith multipath component, respectively. By using a suitably synthesised time domain signal, an impulse response resolution better than 5ns has been achieved using a sounding spectrum 3 1.25 MHz wide [6].
Measurement details: Using the channel sounder described in [6], measurements have been carried out in a large computer room (A), a long corridor (B) and in a small room (C). The ceiling in each location was -3m above floor level and the volumes were 495.0, 440.8 and 151.3m3 for locations A, B and C, respectively.
The antennas were omni-directional half wavelength monopoles and the transmitted power was 14dBm. The antenna heights were normally 2 and 1.6m for the transmitter and receiver, respectively, and all measurements were LOS. Additional measurements were carried out in room A with and without the presence of people. In this case, an antenna separation of 14m and heights of 1.6m were used. The signal-to-noise ratio for all the measurements was > 40dB.
Number of multipath components (N): For each channel impulse response, the number of si&icant components N above a given threshold was determined. Five thresholds were used and Fig. 3 illustrates typical cumulative distributions. As expected, as the threshold decreases more paths with small amplitudes are included. In general, the average value of N increases with antenna separation for some thresholds, but the increase was not found to be as high as reported elsewhere [2] . The analysis of the data (see Fig. 3 ) shows that N has a Gaussian distribution and that the fitting error decreases with the threshold as more echoes are considered. There is a large deviation between the cumulative distributions at -30dB and -35dB thresholds. At low signal-to-noise ratios, the large discrepancy suggests that most of the components are due to noise and thus not reliable. AU results, including those not reported here, show that the 90% value of N is always < 7 for thresholds of -30dB and above.
K-factors:
For each data set, the 128 impulse responses are superimposed with a bin size of 2ns to obtain the delay power spectrum (DPS). Two types of factors, k,,,, and k23, are used here. k,,,, is the logarithm of the ratio of the power in the bin containing the strongest path to the total scatter power in the DPS, assuming a threshold of -30dB. k,, is the logarithm of the ratio of the power in the main ray to the total power of the second and third rays for each impulse response, averaged over a data set. k,,, is equivalent to the Ricean k-factor since all measurements were LOS. Effect of people on N and k-factor: Two data blocks, containing 150000 impulse responses each, were acquired in room A (a large computer room). They were obtained over time periods of 12h, with and without people in the room. The results showed that the presence of people resulted in a 2dB attenuation of the mean signal level with the mean value of N decreasing from 4 to 3 for thresholds < 25dB. The k-factors, k,,,, and k2, were also found to have decreased by 2.5 and 4.5dB, respectively. This indicates that the direct path was attenuated and that the echos were selectively attenuated or reflected away from the receiver. The standard deviation of k,,, and kI3 increased by factors > 5, indicating that the channel response varied widely in the presence of people.
Conclusions: Hyper-resolution impulse responses from three locations within a building have shown that the number of multipath components with amplitudes within 30dB of the strongest path is < 7 for 90% of the time. The results also show that the channel Ricean k-factor can be reasonably estimated using only the three strongest components. The presence of people in the channel introduced very significant variations in the impulse response and in general, the mean values of both the k-factor and N decreases when people are walking in the proximity of the channel.
